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GENERAL INFOPJAATION 

The Electron Monte Carlo Program was written for a n  IBM 7094 computer. 

f a  main input program and several subrouti 
h .  

. .  

written in ' 

' .  FORTRAN and FAP programming languages. 

I 

PURPOSE . .  

The calculation of a n  electron flux penetrating a shield is complicated by 

scattering and straggling so that Monte Carlo techniques a r e  necessary to  achieve 

a n  acceptable solution. This Electron Monte Carlo program was developed 

specifically for the problem of space radiation shielding. 

. _  . It is desirable to know, given the  energy of electrons incident on a par- 

ticular material or shield, how many of these electrons penetrate the shield and  

their energy after penetration, and also the energy deposition within the shield. 

The damage to  objects behind the shield can then be  determined. The thickness 

of a particular shield necessary to  protect instruments or humans can also be  

determined . 
The shield i s  considered to consist of infinite parallel slabs. Its geometry 
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This process is continued until the electrons are transmitted or their energy goes 

below the energy cut-off. 
I 

I 

i 
I 

1 

e results of the penetration.calculations a re  expressed in the energy spec- 
_ i  

I 
I 

ngular distribution of the transmit iation. Also, the spatial 
. .  

7 .  
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distribution of energy loss due to radiation loss in the shield is expressed in the 
i 

output. 
I 

I 

I 

ASSUMPTIONS j 

Monte Carlo analysis of the individual coll isions suffered by cm electron I 
I 

~ 

penetrating a shield is prohibitive since many thousands of collisions are mac!e by 

- each electron. Therefore, the. electrons were allowed t o  penetrate a series of I I 

small increments of thickness. The electron is assumed to have suffered a discrete 

energy loss and angular deflection at the end of each increment. 

It is also assumed that when a n  electron passes from one material to  another 

in a n  increment, the collision point i s  considered to  be a t  the material interface 

and the next increment originates from that point. 
l 

. LIMITATIONS 

A monoenergetic source must b e  used. The angular distribution of the 

source can be monodirectional or isotropic. 

The shield is limited to twelve successive slabs. A slab can consist of any 

material for which range and ionization energy loss data is available (see Ref. 1). 

Each slab can be'divided into a maximum of 15 regions for the radiation energy loss 

I .  
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spatial distribution. A shield can have as many os 20 transmission boundaries 

for forward transmission distribution information. The backscatter transmissions 

are valid only ere can be up to 15 

energy divisid 

energy divisions for fhe radiation loss distribution. 

he total thickness 

d 16 angle  divisions for the 

. .  - . . . . .  

/ .  . .  

REC OMM EN DAT I ON S 

At present, only a.monoenergetic source is available in the program. 

Hawever, there does exist an option for another source energy spectrum such as  

a fission electron distribution. 

Also, only a spatial distribution for radiation energy losses is recorded. 
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. PROCEDURE 

r 
N OMENCIATURE 

In the Monte Carlo method, each particle is followed from its source to  

its end, i. e., transmission or energy degradation below the cut-off energy. The 

results of many such particle histories a re  recorded and  these results represent the 

physical situation. 

I 

I 

The calculational scheme was based on the method of Leiss, Penner, and 

Robinson (Ref. 21, which was also employed by Perkins (Ref. 3). The initial 

energy, Eop of an electron from a monoenergetic source is specified in the input. 
* -  

The angle of incidence, 8 measured with respect to the shield normal, is either 
Or 

monodirectional and is specified in the input, or is,deterrnined from a n  isotropic 

distribution. 

t o  I .  This then gives an angle of incidence between 0 and 90'. 

In the latter option, cos 8 = R, where R is a random number from 0 . 
0 

The electron i s  started at the face of the shield where ZT = 0 and its total 

' - penetration i s  measured In t h e z d i r e c t i o n  olong the shield normal. 

The distance the electron moves in the direction of 8 to.its next collision 
b 

point i s  chosen in either of two ways: AT = C, a constant increment; or  

AT = C/E. The choice is optional to the user. The totat penetration of the 

I 7 
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NOSLAB 

NI 

Number of slabs in the shield 

Number of boundaries for which 
transmission distributions are 
desired 

2 
T M J )  Thickness of each slab J gm/m 

TAGIE i .  Nomenclature 

MATH PROGRAM 
I .  SYMBOL DEFINITION UNITS 

ElNT Initial source energy of electron Mev 0 
E 

l -  

l -  

a 
0 

R 

E 

THINT Angle of incidence of source 
electrons 

RAND Random number 

ENERGY Energy of electron a t  a collision 
point 

Degrees 

Mev 

8 

cos 0 

Qscat ' 

THETA Angle of electron'direction meas- Radians 
u r d  with respect to shield normal 

COSINE Cosine of THETA Radians 

THTSCT Scatter angle  of electron measured 
. with respect to previous direction 

. .  
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TABLE 1, Nomenclature (continued) d 

) 

MATH PROGRAM 
DEFINITION UNITS 

, in at the time of calculation 

h 
ZB SUM( J ) 

ISLB 

2 
T h e  right boundry of slab J gm/cm 

Denotes the transmission 
boundary 

2 3 \ ZB( ISLB) Z coordinate of the transmission gm/cm L boundary 

E R E G N q J )  Number of subregions of each 
. .  slab for recording radiation 

energy losses 

- b , IREG Region in which radiation 
6 energy loss has occurred 

2 .  
1/x 0 XZRO Inverse of radiation length c m  /sm 

A. A(J) - Atomic weight of material of 
slab J 3. 

L Z. Z(J) Atomic number of materiaJ of 
J slab J 

Region boundaries for each slab gm/cm 2 REG( I, J) 
I 

' . J for recording radiation energy 
1 .  

. .  ' loss 

KERROR Error indicator . 

I ElON Ionization energy loss ' Mev Eion 

rod ERAD Radiation energy loss Mev E 

d E/dx DEDX Rate of ionization energy loss Mev c m  2 /gm 
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TABLE 1. Nomenclature (Continusd) 

MATH PROGRAM 
SYMBOL . SYMBOL DEFINITION 1 UNIT 

I ’  % CH 1 

R E  

ECUT(J) 

NOHIST 

IHIST 

UPLIM( I )  

RAND1 

Angle in base of cone around 
previous eJectron direction used 
to determine new electron 
direction 

Range of electron of energy, E, 
No longer used by program 

2 
gm/cm 

Energy cut-off for m terial of 
slab J 

Mev 

Number of histories desired. 

Number of histories being caf- 
c u  la ted 

Table of integral of function for 
v=o, 9.3 

Upper limit for table of integrals 

Table of integral of function for 
u=o, 9.3 

. Tableof integral of function for 
v=o, 9.3 

, integml’ table 
Table of arguments for exponential 

Table of dkponential integrals 

Value of exponential integral 
for which the argument must be  
found 

Nu ber used to start random 
num ‘6 er generator ( 

’ 10 
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TABLE 1. Nornincla t u r e  (continued) 

~ 

MATH PROGRAM 

. -  SYMBOL , SYMBOL DEFINITION UNIT 

BBIG 

SSML or 
SMLB 

SLOPE 

B Parameter used in Moliere 

Parameter used in Moliere b 

a2 

Slope of plot of equation, 
B - InB=b 

BETSQ Used in Moliere 

Normalizing integral 

Used in Moliere 

DEN 

VALUE 

RANGE( I, J) Table of ranges for slab J and 
energy 1 

Table of ionization rate for 
slab J and energy I 

RATE( I, J) 2 
M e v  cm /gm 

Tahle of  energies for ronge 
and rate tables 

Mev 

Radiation energy loss array for 
region I of slab J and eqergy K 

Number transmitted army for . 
energy I, angle  bin J and 
transmission boundary K 

. IRDL( I, J, K) 

. .  NANT( I, J, K) 

FNEE(I, J, K) Energy transmission army for, 
energy bin I, angle  bin J, 
and transmission boundary K 

. .  
FACTOR C Input constant to control 

increment thickness 

11  
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new collision point is then ZT = P T .  cos 0.1. A test i s  now made i o  

determine whether the electron has been: transmitted through either the front 

I I 

'. - 

or the back face 

backward to o p 

he shield, scattered 
I . I  

, .  

If transrn-ission h a s  occurred, the energy and  angle, e, are  recorded. 

A new history is then begun. 

If the electron has been scattered fonvard or backward to  another slab, 

the.slab counter, J, is adjusted by + 1 or - 1, respectively, and the  collision 

. point i s  considered to be ai ihe b"uj&ry Luziwczn the twc! s!nhr, 

AT the electron traveled is determined by AT = 

The actual 
i 
I ZT - Z 

cos e 

Energy Losses 
~ - -  

1 I 
1 4 -  

IONIZATION ENERGY LOSS. When a collision point h a  been estab- 

lished, the electron is scattered and some of its energy expended due to  

radiation energy loss and ionization energy loss. For ionization loss, 

dE dE AE. =-AT, - i s  the average ionization energy loss for a n  electron of 
I ton dx dx 

energyI E, for the material of slab, J, . 

. 

I -  

- .  ._ . 

RADIATION ENERGY LOSS. The radiation loss probability was obtained 

. from the relationships derived by Bethe and Heitler (Ref. 4). The inverse of the ' ' 

radiation length, X for slab J is calculated a s  
0' 

4*N * ? I n  (183 Z.-''?* (1) x = T ' ~  0 I 0 I 

- . .  

. .  

- 
1 -  

12 
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23 . -1 3 
i where Oi = 1/'137, N = 6.02 x IO IS Avogadro's iiiimbei, ofid T = 2.28 x 10 

The probability of an electron of energy, Eo degrading to an energy between E 
0 

4 

where t = AT/Xoo 

.. I .  . 

I . ... 

This function can be shown to be. normalized. therefore, 

t dE r (t/I n 2) 

If t/ln 2<<1, and w.ith proper substitutions, 

R j -  ex x t//hUzr (4) 
I+= 

Rmt/ln 2 El (in E /E) 
0 

where E i s  the exponential integral of the argument. 

radiation loss, i s  then determined from the above expression and the radiation 

energy loss, E = E - E. 

The new energy, E, after 1 

A I  md o 
8 ,  

Therefore, the new energy of the electron at the end of i t s  path increment 
nl. ~. - i s  found to be 

- 1  - .  
E = E - ( E  +E,). ! 

o md ion 

If the spatial distribution of radiation loss i s  desired, this radiation energy 
I 

10s i s  tallied according to theenergy division and region in which the loss occurred. 

. - .  . i  . ., : , .  . . . -  . -  
. . . .- . :  . . a .  -, _ .  ... . .  , . . .  

~ I .  4 . .  . , .., ... ':. . . . . 



Scatter Angle 

The scatter angle of the electron i s  determined from the Moliere .. *- 

. ,  - relationships discussed by Bethe (Ref. 5). The distribution function i s  

- ~ . expanded in a power serie which gives,. 

- 

-1 (1) f(0 ) e  de. = V d V  f ( V ) + B - 2 f ( 2 ) v  +..... 
scat scat scat 

. The average energy over the path increment used in the Mol iere cal- 

culation i s  expressed as 

E = E - (Emd + E. )/2. 
mOl ion 

The variable b i s  determined as 

b = l n  A’ 
I B-A.(1 4 

r6680 AT(Z. + 1)Z. 

2 .51 2 
+ .51) I , where z = 1; i s  the square of the charge of the particle; B2 = 1 - (E 

and a* (ZJ137B) i s  the deviation from the Born approximation. 

mol 
2 

I 

(7) 

The equation, B - In6 = b, i s  solved for the expression B, using an 

iterative scheme. 

14 



. .  

where 6 

, direction. 

is the scatter angle measured with respect to the previous electron 
scot . .. 

The parameter, X - defined as the total probability of a single scattering 
C 

V = 6  {(X 8 1/2 ), 
sca c * 

2 4aNAT e4 Z.(Z. + 1) z 
x* = 

C A.B4(E + 0.51) 2 
I mol 

through an angfe greater than X i s  exactly one, and 
C 

(9)  

-TO where e = 4.8028 i( to e%. 

Substituting, 

f(0 ) de ' =  G ( V )  
d'' 

X B'/2 scat scat 
C 

Using direct Monte Carlo to determine the scatter angle from the above 

we have 

R =  

To solve for 6 - the following process was used. The integrals of each 
scot 

of the fuilctions, fo, f', and f2, integrated from 0 to t! , were calculated 

separately and put in tables for I/ in increments up to 9.3.  

integrated without their appropriate power of 6 since it . is independent of 9. 

These functions were 

The upper l imit of the denominator of Eq. (1 1) was determined an;' a table search 

. 15 
. .  
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defeimiiied the values of the integrals of the three functions. These integrals 

i were then multiplied by the power of B and.the result yielded the value of the - _  
denominator of Eq. (11). This value was then multiplied by CI random number 

which gave  the value of the integral in the numerator of Eq. (11). Another 
4 .  . .  

table search, this time on the value of the integral, found the upper l i m i t  

of the numerator. 

. 

. .  

I The scatter angle is then 
t 

1/2 6 = J X B  
- scat C 

If  the scatter angle is revolved around the previous electron direction, 

a right. cone is formed. The intersection of the i;ew k!ectrnn direction and the 

base of the cone can be at  any point on the circumference of the base of the 

cone. Therefore, a n  ang1e.X is randomly chosen from 0 to 2 V t o  determine 

this point af intersection, i. e., X = 2TR (see Fig. 1). From the geometry, 

the new direction, 9, measured with respect to  the shield normal i s  found from 

_ -  

the expression: 

cos@. = cose. cos3 + GO& sin0 sine. scat scat  1-1 I 1-1 

T h i s  concludes the calculations necessary for one collision. 

is repeated until the electron history is terminated by transmission or energy 

This process 

- .  
degradation below the cut-off energy. Then, when the requested number of 

histories have been completed, the energy and  angular distributions for trans- 

mission and/or the spatial distribution of mdiation energy losses are edited. 





I-  

. .  
,_ -. -. , 

- .  . 
' 1. '- 

I .  

I 

_ -  

, .  

;, . .. . . , _ . I . .  . ,  I -  

. .  . .  .. . .. . . .  
. . .  

.. , .  'C . 

. .. 
. .  

. . '  . 

RESLILTS 

The results of the Monte Carlo calculations were compared with existing 

experimental and theoretical data and found to be in good agreement. A corn- 

ins (Ref. 3) for 2 Mev electrons 
.-  

. parison with Monte Carlo data of . .  . .  
incident on an aluminum shield is shown in Fig. 2, 

The extrapolated range of electrons from 1 to  8 Mev normally incident 

on a n  aluminum shield was compared with the analytic expression determined by 

Katz and.Penfold (Ref. 6). Table 2 illustrates the comparison. 

The backscatter electron resui ts computed by the  Monie Carlo piogieiii 

were compared to  data obtained experimentally by Wright and Trump (Ref. 7). 

Figure 3 shows this comparison. 

An investigation of the effect of the increment thickness or AT used 

2 in the calculotiqn was made. 

for a 'shield of aluminum. 

error associated with the number of histories processed and  the number of 

Increments from .025 t o  . 106 gm/cm were used 

The results were found to lie within the statistical 

electrons penetrating the slab (see Fig. 4). It was concluded that the Monte 
\ " 

Carlo- calculations a re  not limited by the choice of AT. 

I 

. ,  
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FIGURE 4, Comparison of increments AT 
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INPUT PREPARATION AND OUTPUT DESCRIPTION 

INPUT DATA PREPARATION . .  

Fotlowing the data card'will ai 
- -  

presented in Tables 3 and 4. 
I 

The following cards are  necessary for each problem: 

Card 1. Problem Description Card (Always Necessary) 

Column Va r ia bl e Format Definition - 
1 -72 Dl SCPT( I )  12A6 Any 72 chgracters for user to  describe 

T h i s  xi!! be ?:lritfer! nut the  probiem. 
at beginning of ouipuf. 

Card 2. Option Card (Always Necessary) 

1-12 SLCTEl . 2Ab Initial energy option SPECIFY or ? -  

FISSION on card according to  format. 

. 16-27 SLCTA1 - 2A6 Angle of incidence option SPECIFY or 
( lef t  adjusted) SLCTA2 ISOTROPIC on card according to  format. 

31-48 OPT1 . Output option--TRANSMISSION for 
. (left adjusted) transmission distribution. 

OPT2 . 3A6 BREMSSTRAHLUNG for radiation 
. energy loss distribution. 

OPT3 . BREMTRANS for both outputs. 
... 

I 

' 49-50 . 10P 12 Option for selecting increment thickness. 
(right adjusted) IOP = 1 for AT = constant 

IOP = 2 for AT = constant/energy 

51 -60 NOHIST 110 Number of histories for the first output. 
(right adjusted) 

61 -70 NCONT 
(right adjusted) 

110 Total number of histories for the problem. 

. . . .  . . .  . . .  

. . . . .  . .  . .  
. .  23 

. . .  . . . . . .  

. .  , .  

. .  
. . _  . ._ ' 
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.... . . .  _. . , .  , .  . 
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Card 3. Initial Energy (needed only if initia 

Column 
. .  

. 1-10 
. . .C 

1-10 

specified, i. e., if SLCTEl, SLCTE2 is SPECIFY) 

Va r ia b I e Format - .  . 
Definition 

, -  -. 

ial energy of electrons (Mev) 
I. 

only if angle  of 
incidence is specified, i. e., if SLCTAI, SLCTA2 is SPECIFY) 

THINT E10.0 Angle of incidence in degrees. 

Card 5. Number of Slabs in Shield (Always Needed) 

. 1-10 NOSLAB .110 Number of slabs in the shield. 
(right ad,Jsted) (Maximum of 12) 

Card 6;  i S!cS Descripiion (Aiways Needed) 

1-12 TPMT 1 (J) 2A6 Any 12 characters to denote material 
(left adjusted) TPMTZ{J) of slab J. 

1 3 -22 TMAX(J) E10.0 Thickness of stab J (gm/cm 2 ) 

23 -32 RE GN O(J) E 10.0 Number of subregions In slab J for 
tallying radiation losses if OPTl, 
OPT2; OPT3 is B R E M S S T R A H L U N G  
or BREMTRANS, otherwise leave blank. 
(Maximum of 15) 

33-42 A(J) . E10.0 Atomic weight of material of slab J. 

43-52 Z(J) . E10.0 Atomic‘number of material of slab J. 

, 5 3 4 2  . ECUT(J) E10.0 Cut-off energy for electrons in 
(J = 1, NOSLAB) . . slab J (MeV). 

a .  

,. 

1 O n e  card for w c h  slab. These should be placed in order of J = 1, 2, 3, etc?*- 
C. - 

24 

7 
_ e  



Card 7. Boundaries for multiple case (necessari only i f  trammission 
output i s  desired, i.e., i f OPTl, OPT2, OPT3 i s  

- TRANSMISSION) 

Format . - Column Variable . 
I .  

- I  

1-10 - Nl . 110 
.~ .. . .  

Card 8. Boundaries for Card 7. 

1-10 ZB(I) 7E10.0 

etc. (I = 1, Ni) 
1 1 -20 

61 -70 
I 

- .  
~ 

- _  

1-10 

Ciiid 8.  

FACTOR. E10.0 

1 1-22 RAND1 J12 
(right adjusted) 

2 
Card 10. 

1-10 I W ( J )  110. 

- 
2 

Card' l l .  

1-10 ENERGY(1, J) 7E10.0 
1 1-20 RAN GE(I, j) I . 21-30 RATE( I, J). 

Definition 

Number of boundaries. in entire shield 
for which transmission information i s  . 

desired. (NI > 1, with maximum of 20) - 

12 Z coordinate of boundaries for which 
transmission information i s  desired (gm/cm ) 
in order of increasing magnitude. 
(If NI = 1, ZB(1) = thickness of shield.) 

Constant used to determine iricrement 
thickness, AT. 

Number to start random number 
generator. Should consist of a t  least 
8 digits with the right most digit 
being odd. ~ - 

Number of energies for range-ionization 
energy loss tables for material of slab J. 
(Maximum of 50)' 

. .  

. .  
Energy in order of increasing magnitude (MeV). 
Range of electron of above energy (gm/cm2) 
Rate i s  dE/dx or ionization .energy 'loss of 
electron of above energy (MeV cm2/gm) 

.- 



Card 12. (Always Needed) 

-- 
Column Variable Format De f in it ion 

1-10 Ll  Number of energy bins for tallying 
(right adjusted ransrnission distribution and radiation 

ergy losses. (Maximum of 20) 

Card 13. (Always Needed) - .  

1-10 ENGY(I) 7E10.0 Energy bins for tal lying transmission 
and radiation energy losses (Mev) in  

etc. (1 = 1, L1) order of increasing magnitude. The 
number wi l l  be the maximum energy 
for b in  1. 

11-20 

61 -70 

f A I  Card i4. p ~ w a y s  c"?eeded) 

1-10 L2 110 Number of angle bins. (Maximum of 30) 

Card 15.. (Always Needed) 
c 

1-10 ANGLE(1) 7E10.0 Angle bins for transmission tal I y (degrees). 

etc. 
11 -20 i n  order of increasing magnitude. The 

number wi l l  be the maximum angle for 
61 -70 bin 1. 

. ( I  = 1, L2) 

Card 16. (Necessary only i f  NCONT > NOHIST) 

1-10 NOHIST 110 Number of histories for next wtput. 

There can be as many of  card 16 as desired. An output edit is performed 
after completion of number of histories indicated by NOHIST. The only 
criteria i s  that the sum of the NOHIST for any problem must equal the 

. *  + number output for NCONT. 

More than one problem can be run a t  a time. With the exception of the 

permanent data tables, the aboye input (cards 1 through 16) w i l l  be repeated for 

each problem and wi l l  be placed in succession i n  the data deck. 

. 

T h i s  data is input on punched IBM.data cards. 
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TABLE 3. Set 1, Valuesof V ,  and Integrals of Functions Integrated from 0 to V, 

Column 
- .  

1-6 . , -  

. 17-26 

27-36 . 

Variable Format Definition 

Fl.INT(I) * 3E10.0 

F21 NT( I )  

* 37-42 UPLIM(1) ' E6.0 

I 
43-52 FZ! t'?T(I) 

53-42 FlINT(1) 3E10.0 

F21 NT(I) -.J = 1,128 63 -70 
1 -  . .  

, .  

Y 

. .  
i .. . . .  . . . . . . .  . .  ~ - -  I . .  

, . ^  . 
. . . .  * - I  . .  . . .  . . .  

. .  

. . . . .  . . . . .  . . . . .  . . .  .... . . . .  I ,  . . _ - .  
. t  

. .  

.~ . -  

. .  
\ . . -  . .  . ~. . 

~.~ .-. I . 



. . .  . . .  . .  , .  . . . . .  . .  .~ . . . .  
. . . . . . . . .  

. . .  .. . . .  . . . .  . .  . -  . .  , . .  
1 . .  

I . .  . .  
. . -  I ? .. 

i . .  

. . . . .  . . .  /. 
. .  . .  

. I _ .  . .  
I .  

, .  

T A D I E  ICIYL 4 . Set 2. Tabies of X and Exponential Integral El(X) 

Column Variable Format Definition 

-.  

' 21-30 ARG( I) 6ElO. 0 X 

3 1-40 

41 -50 

51 -60 

AR G( I) X 



The output consists of a summary of the input including the number of 
- 1  

. -  
: I 

ce energy, angle of incidence, method used to select increment 

T, number of slabs in the shield and their respective thicknesses, 

transhission boundaries and these boundaries. These items are 

identified in the output. 

desired, this i s  then printed. The number of electrons transmitted in each energy 

and angle bin i s  under the heading N and the sum of the energy of the electrons 

transmitted in each energy and'angle bin i s  under the heading E. The ansle and 

energy bins are considered to beO- E 

etc. The number and energy transmitted for each angle i s  summed over a1 I 

energies. Then the total number transmitted i s  recorded. in the case where there 

i s  more than one transmission boundary, the number backscattered (transmitted a t  

angles from 90-180°) i s  valid only for the case of the thickest slab. 

If the input specified that the transmission array i s  

1 E etc., and 0 - A1, A 1' 1 -Ez 

If the radiation energy loss throughout the shield i s  desired, this array 

follows the transmission distribution. This array gives the number of times the 

radiation energy was between energies 0 - El, El - E2 etc., for regions of a 

. .  ' slab. This array i s  written for each slab, J = 1 to the total number of slabs of the 

shield. Each of the regions of the slab has a thickness equal to the thickness of. 

. the slab divided by the total number of regions in the slab. 



t 
._ OPERATING INFORMATION 

. MACHINE SET-UP AND RUN INFORMATION i., 
t. 

using no tapes other than A2 (logical 5) for input and A3 (logical 6)  for output, 

and  no special switch settings. 

Normal exit  from the program occurs when the output f rom the last problem 

is completed and there is no more input t o  be  read in. Error stops occur when there 

i s  either a n  error in spellli ig on the Inixt option card or there is a n  error in 

calculation. In the case of the former, the appropriate comment is written. FrJr 
. .  

the latter, a value for the error indicator, KERROR, is written. .The error 

indicators and their corresponding errors are a s  follows: 

KERROR = 2 Error insubroutine MOLLI. Value of b < 1. 
1 

Check input values of atomic weights and atomic 

numbers, and the factor for corrnputing the path 

increment AT. 

Error in subroutine RANDE. Check in?ut tables 

.of range, avemge  ionization loss and the 

corresponding energies. This error occurred because 

the table was exhausted without finding a value. 

= 3  

I 

= 4  Error in subroutine TLYRD. The radiation energy 

- loss was greater than the values of the energy bins. 

- .  . _  
- - , .  . . - -.. 

1 - .. 
_ _ _  



KERROR = 4 (cont'd) Check to see that the last energy bin i s  as large 

as or greater than the initial energy of the 

I .  . .  _ .  - .  electron. 
. . .  

..< . . .  . .. . 
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-.. PROGRAMMING INFORMATION 

This portion of the report'contains the programming information and consists of Flow Charts, 

Progmm Listing, Sample Input Data and Sample Problem. 
. . . .  . ,  
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t 3 

READ TABLES OF 
ARGWENT & Ti& 
EXPONXNTIAL 
INTEGRAL, E, ( ARO) 

c- 

. 
1' 

r i 

READ PROBm 
DESCRIPTION CARD 

r t - 

I f -l 

ZERO TRANSHISSION 
B RADIATION LOSS 

ARRAYS 

~ 

.l 

- .  . READ OPTIONS FOR . .  
I ,  

. .  SOURCE ENERGY, . I .  

A1JGI.X OF INCIDENCE, 
INCRE*IENT, NUMBER 
OF HISTORIES AND 
TOTAL NIn/IFER OF 

HISTORIES 

34 
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NO 

S ANGLE OF 11821 
c NO DETSUIIWZII FROf.1 

ISQTROPIC 
DISTRIBUTION? 

-. 

OUTPUT DESIRED 
8RECX TRAHLUFJGS 

IATION LOSS 0 

I 
YES IS OUTPUT DESIRED 

TRAfJSVISSION ARRAY 1 



' .  . 





h I 
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J I 
4 

T = ( A t ) $  
Path length along Weld 
normal? 
TES!P=At( cosine) 

* 
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Total d i s t m c e  along 
shield normal 
TTm-TToT+ T&T 
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Q determine 

1 1 
I 
no 

I 

, 
, fe onlp transmission yea 

output. desired? 

\ I 

output desired 
only? 

I 
1 

fe the last trane- 
mi8 si o n boundary 
,encountered? 
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no 
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. ,  Set the new collision point and t h o  
t o t a l  2 distance in shield a t  
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I Accumulated # of histories - 
Drevious histories + those 

1 discriptio I 

Is only Bremss3rehhng 
output desired? I 

! .i 'ii0 
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w L 
Writs heading for 
transmission distri- Bremsstrahlung 
bution 

Write heading fca. 
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specified? I 
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